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(54) SEMICONDUCTOR LASER 

(57)Abstract: 

PURPOSE: To perform green semiconductor laser by 
laminating a BP layer and a GaxAI1-zN layer as a 
semiconductor layer for forming a double hetero junction, and 
employing a superlattice layer having a sphalerite type 
crystalline structure as the GaxAI1-xN layer. 
CONSTITUTION: In a semiconductor laser having a double 
hetero junction structure made of first conductivity type clad 
layers 12-14, an active layer 15 and a second conductivity 
type clad layer 16 on a substrate 11, the layers 12, 15, 16 are 
alternately laminated with BP layers and GazAI1-xN (0<x<1) 
layers, and a GaxAI1-xN layer is formed of a superlattice 
layer having a sphalerite type crystalline structure. Thus, a 
new compound semiconductor material having five elements 
having wide band gap and ZB type structure is used to obtain 
a practical green light semiconductor laser. 
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(57) [«BFl»*©«H] 

7 v KBl±> BPgtGaxAl ,-xN ( 0 £ x £ 1 ) B#25 
(C^IS^nTGaxAl ,-JI (OSxSl) »#H3£ifl«S 

[»*]@2] S«LhC. il«fl?77 KB. S'ttJf 
fc «fc t/S 2 «*M ?77KIA^45m^fa^ 

fiiJEIB 1 #11^7 -y KB. ffittBfcit/fl 2 

,- x -.vN z Pi-« (0^x.y,zS 1) fifiJB(CJ:31llJS3*lT 



rjt#ja 3 1 s«±t^ * i »nm vm , mm 
tj «t tf» 2 mmm ?77Ki*^w □ 

nassiis i **& ?7 7Fi, sttH *>* «t i/s 2 «ma ? 

7 7FK±, BPHtGaxAli-xN (O^x^l) B#5£S 
nTGaxAl ,-JKOSxSD ■#HEffl«S 

j£&Wf •SGaxAlyBi-x-vNJV. (0 ^x.y.z^ 1 ) 
BK«fc OWdtStu mJlHa^PlihllA^^^StM^GauA 

Wil4] SffiLht^ fll#ttS?7-y KB. SttB 



(2) 

3 

*> ± ifm 2 mmm o -v k ■ * * * t a 

f| l#«M©B^I$Iil:B#ffM£tu ^BSSiailJifc 
«fc tf H 2 »*M ? 7 y F»±C!II 2 3V?n 

Hijia^l«mM^7'v KB, ?£fflii3J:t«B2iS*ffi* 
7 >v KBC±, BPBiGaxAl ,-xN (O^xSl) B#X5 
KSUIS nTGaJU ,_JI (OSxSl) ■a&*M3gM«a 

Jg^^-r-5GaxAl y B,-x- y N z P,- z ( 0 Sx. y, zS 1 ) 10 

nt#S 5 ] S«±tc. » 1 *«a ? 7 -y KB . ifrttB 

«jt*WU MIES! 2iS1iM?7-y KS©-8P£R*^-r 

X IfW 2 #«M ? 7 y KP±K* 2 © 3V?n 

itulHSI 1 f 7 KB, rS'ffllfcJ:^ 2 2( 

7 y KBt±> BPBtGaxAli-xN (OSx^l) MASSES 
Ic^B^nrGaxAl.-xN (OSxSl) BtfWffilQ&M 

^ B B B «*s£W-r *iSte^B. * fctiwaaattaoisfl* 

Jg*Wr-5GaxAl y Bi-x-vN z Pi- 2 (0 Sx.y.zS 1 ) 
HKigiftSSfU mJ|SS«tmi«*S^7'y KB© 
Iffli fct±HiriES|S 2 ill ?77FI^V?n B©Hfl 

[W*IS6] HUl5W<'y7TBt±, BPS ^GaxAl i-xN 
( 0 S x S 1 ) H**3S(-SWS$nrGaxAl .-xN (OS 2 

x s 1 ) jp*«Hffitattfflis&Ba*#t*ia«^H, * 

fc ttHaafflBH ©teflWjS**^ * GaxAl y B , _x- y N z P . - z 
( 0 Sx.y,zS 1 ) IftiO^lifil^^*^ 
fr-?-£©/^> -y y^JBRWl-^t - ^* ± 3 l-MW 

[W*3S7] mIieW^y7TB{±> BPB£GaxAl,-xN 
(OixSl) B*^Stc«B $ tlTGaxAl ,- x N (OS 
xSl) B^MffilS^S^W^^W^'i.S^B. 4 
/•cl±WffiifiSASroi|g B B B «Jt^W^^GaxAl y B 1 -x- y N z P,- z 
( 0 Sx, y.zSl) ?g B B BB«^B^lc J: ftT 

(fi£*©&ffi) 

safes©****!'— * (ld) <o^R*«a*nri'»*. 
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«6*»«eU— froH^WSiSbn* 1 1 ! - VM 

<tiz®)¥mmm * # fc' < > k + -y -? t ^ 

£11*^ BN (4£fct±8eV) . A1N (6eV) . GaN (3.4e 
V) ,InP (2.4eV) .A1P (2. 5eV) ,GaP (2. 3fcJ;0'2. 8e 
V) If©, «i&©ml8OT*oa<t*Jt*Wt*'* t ** , ' v< 
■/K+'fy^Wt-S). L^U^*^-n^>©-9*>, BN 

/n*> K*>-yV*^^^3&MiSfi[ (sp3) 
-T*S51Effl (c-BN) (±£-|£Ltc< <. Lfr*>3ffl©£ 

H-^v^tHUl^. InNH, '<V K*'-r-y7"#/h£«> 

n*^. Aip,GaNc±. ^fnt/^K^t^ms 

55*AlN,GaNl±, '< > K*> ■» < , 4 

m^.-S»„ AlN.GaNt±ftJMIi6# , >rt^ttS (Wurze 

£©»*HM*»ife-r B.Nft^*ttlMII-V 
3 jBi*«)fb#*Ka NfeS^LT^V K+> -y 7'?r7^^ < 

NliGaP© l°/ol^TL^S^T-#-r. +#l£iv<> 
K+> -y 7°-Srtf -5 - li^IffiT? * o fc„ 
*«*#?>«)W5tKJ:*T'^ GaN^AlNT-f£ffifix©pa 

PBA^UUl^troflSK. cn*«M36l&ttffl (Zinc Ble 
10 ndeM. KTZBffltlMfri-*) ©»SIM(!3fiT?«* < , WZ 

[C'iJin?**, K*>'y7WJx.l±*2.7eVi^±t^ 

#<. pnWJ«A«Blte-r, is B B B ©Ktmw 
Styi:-r*i»flcW*4c±#«EU>i*^fc. AM. GaNftif©£ 
-fb*t±**^'<> K+> -y -r*»*±-e«Sli*»*4T?* 
4 teffifix© P SB £f#* - 4: * tz ° 

40 1 - V R*©{t^5*#fttt« «r ffl ^ ^ fc!§fe¥#<* U - 
-9-' 4 ffl&-r * - t * S W ^ + ^> - 

>ftt, ^l*«M^7-y K 
B, SttBJ3«fcO f ^2#«Sf 7-y KB*£fc**"7;l/ 
^xa^g|5«r*«i-*^3H*Si:LT, BPB i:Ga x Al 
,-xN (OSxSl) iA'il^nt, GaxAh-xN (OS 

xs i ) nA«wgEi&aaMSft«a«:*+*«»^**ffl 

50 K« -5 U-ftt*fc,*l «*S ? 7 y 
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KB. ffittH*iJ:tf*2*«a^ J 7v VM****?? 

©^ffig^T^GaxAUB.-x-^P,-* ( 0 Sx, y, 
1 ) HMfcffl^fc^i: + 

^fga^ ^ CDW^I- nii. *?£WZfif stT-£> £*i§ B B B T* 
fecTt> ^^j:ZB#Jt?rW-r^$£ B B 0 ±l-»SS$^n 
ti, £T-t±ZB«st£{^- iitfW^ 

fc 0 ft^x^Wnn*^^-?^ 1 ^ GaxAl,-xN 

(0^x^1)15:, ctiiliffl-ro^fi^U 10 

^BPH±i:^S(c«BbT^BIl (fitS^) 
ttiBProte^ 4" >'t4-C-^i5roi L'»i^'&«£#W#^ZB 

^SSAM^M-C- £ * ^ £ % A. t. nt ^ tz B t Ga, Al , I n t 
■B:*$tMII-VB6<t^«l*aM«m*»=*»*''^*>- B 

SH -5 £ S * *§ o £> * - tfWW L. fc . -t 
W±, GaxBi-.MJ , i-*©?Bfl»-*J^-^ x 

*WK*ff^ Ga-N,B-P*«WI^IS^LTX5 
KfijajUT^**- ?*'J >7TSfc#«il3*U Ga— N, B 

t l r«£<caa t l T#ft-r * - 1 e> & -a 

fc. :nt»ffl¥^^ ^fc«fi*»*fc«>Ktt!&1" 3 

i-e^RlflCJ:***!*!'— 9**4- ^2(C Ga,Al y B 
,_x_ v HJ , i-«*«>iR*K:J3^r, $?iL< Hffltft*^ x 
+ y ~ziU Ga-H.Al-NfcB-P»*-^'J 

J2TF, #»fl©fgfcfl&BfiB*#IRLT» , 9i-*-*. 

B0T-fe-5o nSGaPS«ll±t-l±> nMGaP/<-y 7 7 1 
2, nMBP/ <«;77il 3 S <XT ^ * . £ © n MB 

py s* y 7 7 € 13± t-. n MGa,Al , -xN/BP®t&?B & 
<6 9 7 . y KB 14, T > K-7'WGaxAl 
£ ft 1 5 J: P MGaxAl . -xN/BP@te?B h ft 

KJgl4fc«fctfl6T- 

t±X=0.4fcU gttJ115rCix=0.5fc-r*. ZtUz£ 
v)9v-v Klil4:feJ:m6li><VK*>v7"#3.0eV, ?S 
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«E»15C±/<> K+'-r v fifL 7eV<hft 0 . ^^rn 

X h 7 f 7W5}^SLt nSBPWSKR&lhJintfJftS 
Sntv*. C!O*8SiKajhB17±*iJ:0 t Xh7-f7-tt© 
p g?77 KJgl6±l-pMBP3V^^ hB18^ffM$n 

ssnl Stiii iKi±nffl©&JS*®20#ffi?i&£ nr ^ 

©HBIKnfflBP«8iaflitJ117*'JB«* nt, 

(MOCVD) Htcfc^T. 2 

u 22*iJ;t>*23t±5^iiwR^ ( tT-$> o -tn-en©±si5f- 

^ 0 t mf.©jSJS f g21.22fcckt/23t±-OCD^-C>^*24 

3 i±?77 7^ hM-9-b7'?26±iciaa^n. &mmt 

1. 22, 23©MPIi»^* <t "5 I^EI^tit^Sffliii 
fttt^i »3 ^a£W21, 22, 23tf>T£KaK-e*£»T-# 4 

tct±^a«30^g^n> a«ifiT«)*ais**=-^ 

SO gpofitiiP31A^ro7K«*'X<755'' , 7>7a-CDj$^3tniC 

iO«ftH0CVD«»=; «t 0 , #KJS«21. 22, 23$r®L 
rmaolSftifxfcaiL, SS25«r3Vti-**iJ«i$ 
n/ct-^T^fij^-ti-'S-tl-i "5. Mg25± left,*© 

«bjsiw. ^ rmmmzftm *zt# 

Att a ^ a ihb * »-r * /■= * * x * * are^ ^> 

40 Z-mVte^Klb, H«*'^-efe*NH3^PH 3 «>»WaK 

Lfco ©Rif^ti, hU^f^T/U^- 1 ?^ (TMA) . 
hU^MHA (TMG) , h [ ) i^/Wi* (TEB) , 
T>=e-T (NH 3 ) . 7*X7-fV (PH 3 ) T-fe-5o S« 
afiH850~1150tgK. ffi73l±0.3mJI. g«#X©M 
8S«l±l ffi*aU«A'l tfin/hfc***-! 

KifxasasttJELfc. MWft#*-x»st»t±. tma : i 

50 x 10 ,6 raol/min, TMG:1 x 10- 6 mol/rain, TEB: 1 x 10- s mol/mi 
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n, PH-,:5x lO^mol/min, NH 3 : 1 x 10- 3 mol/minT-*^ 0 P, n 
KV/tt, ->7> (SiH 4 ) fcitfv^a-O^vi-^ 

-??'*v7A (CP 2 Mg) *smifxte&£+*z£K.x 

mmi±2Qk, CaAlHPtBPJiOff*©itttl:l"e*9, W 

ji©§ypj±# i <t o /M < ft* '<> K«a*»a«a w 
feswfflwi^^f*). ±ie«<i(cis^nft^^. m 

RW/jMH 1 H»* : PJBflc*fl : *tt , fl"*"*- GaPSSl 
Hi, Si F— 7*. +t'J Ti§Jt 1 x 10 18 /cm 3 T'S> 0 . n 
MGaP^^7r«12ti. Si F-7\ *+'J7»KlxlO 
• 8 /cm 3 .If £ 1 tfm, nSBP/<-y7 7 iai3l±, Si F- 
-f. * t 'JTilJf 1 xl0 17 /cm 3 ,l¥£ 1 umttS. - 20 
ffl±i:nS?7 7KI14i:lt, Si F-7\ **'J7« 
jf 1 xl0 17 /cm 3 ,l¥£ 1 jumCOGao^Alo.eN/BPStS^ 

Sfflil5i: LT. T V b*-7-Gao. sAlo. sN/BPtgfc? 
m, pS^7'V F§H6£:LT, Mg K— 7°, *^'J7?I« 

1 xl0 ,7 /cm 3 ,!¥£ 1 um<Dteo.Mo.eWPim : ?m& 

ra&j&s * ft* s^wjs*'^ ^ n * • * L 

TpI?7-;KH6±t, ->7 V#XO«»»fcfXtt 
gijKJ: WS5umWXh7^7#KSi02§i£ffMU MO 
CVDK J: ^rv KH±lc©*aW?WfcpSBP*S«IB± 
H17(SiK-7*. *t'J7»Sl xl0 17 /cm 3 , lxtm) * 3< 
j£g*-ar*. ^LTSi0 2 §M£LT. pSBPnV*? 
bgl8 (Mg F— 7\ **'J7»K1 xlO'Vcm 3 , lum) 

? hgl8±(-Au/Zn*^ft*«*119^fl ; ^'-^ 

ftfls£g300/im©U— «f3g^*«j£Lfcfc-*> 
tf&igtfSf S3 L * Oii*^St±^50kA/cm 2 T" 

W i -y * > r UT -t OiSrfBfflHC n MBPgfr & ft *«« 
JM»300iiin©U— if*?*««UT*Hai©«ttA« 
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others *u m»ft^- FMWtT^nr^si t** 

95 4 0ti. GaAlN/BPSSte^Ht-ft^"^ Ga x Al y B,-*- y 
N^Pi-^lUB^SH^? ^ v FSfc J:tfSSttJl«:JB*L, 

UMLTl^^jSlt nSGaAlBNP^7-y FJB41.7VF 
-7-GaAlBNPSttH42ioJ: 7 J : paGaAlBNP^7-y FJ1431C 

mut. SiF-7", +^'JTiiai xlO I8 /cm 3 , nSGa 
PA-.y7rH12l±, SiF-7", *+UT«KlxlO ,8 /« 
3,)1$ lam, nMBPIil3(±> Si F-7", * -V 'J T«S 
1 xlO'Vcm 3 , 1 iimt-fe^. ngi^7-y FB41 
C±, Gao..Alo. 3 Bo.5No. 5 Po. 5 S B 3 a )l (SiF-7', * 
+ 'J TiiS 1 x 1017/cm3, \u m) . TV F-7'i£ttS42 
t±, Gao.^Alo.sBo.BNo.sPo.sVgliH 
m) . pS?77 FP43l±, Gao.2Alo.3Bo.5No.5P 
o signs (Mg F-7', * + 'J Tl»S 1 x 1017/cm3, 1 w 
m) T'*>^„ *8g«^«S. 3tWft«Jfi*sJ:^«««* 

f« f, tlfc 7 * ^ * ^ * H t TftStlfi300 ju m© U - 
If*^ fcfFJSLfcfc -^>> ^S^SK-e^-;U7.te20u 

^y^xa^^wFBlro/^y 7 tH12. 13^:*B§U/c 
5B»«t«**. 7 THl±*BWt?l±ft < ^ 

fc* L *^ B fl K It * u - * n *"* x ° m 

gg^ii^^wa^tcea LTtefit^^i"* ft 

7 T@13rogP^^¥^l^^^fc$-ttfcGaAlNi:BP©^ 
50 *)MB6*?.**nil^v7TB51Ka»UA:*)0-e* 
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m 7 m&mmz& 3 iiwfi^wGaPS^iifcitfGaP 

*. *fc«8KBJkJili* * 'J 7«SWH-#rt^- 
C±«SStlBJtB <,natt*:t^^ BPU nS©S 

C i; (c J: 0 L fcSBWfl feJXfcttW-T * • 

@roHJte^J©««*S*il-^ *©nMBP«85iaJhB17 
(D^ & n SA 1 BNP«Stl8JtJa8 1 l-S^ U T ^ * 

&*. tnwiii i m^ieurc-fc-So saansts 1 

nSAlBNPHSStlHJt 

msitLxmm^ si k-7\ *fj7i«i xio 18 

/cm 3 ,I¥£ 1 U mroAlo. ;! Bo. 8 No.2Po.8)B&)5g*$^ 

MsKa&IV -Cji/ X m 100 y sec<75^ /U ^ftffC&fe ^ — * 
»»36WB*nfc. L£WS*^«t±^30kA/cm 2 T*& 3( 

3 <» t #t&fFitJB±5Vflffirote^ fc wt?fe -3 it. 
% 9 HfeitmiOB©«JfcWt±HatoAlBNP«seBih 

SfcteWftBlt*^ WZMGauAl i-uNJi (o^u^ 

i ) *s^fciafc«*tt^-r*. wzscaAiNti. mmm 

<f>o 

3£BP*£IBlbJI 1 7 K n SGaNSsftlfi.ltB9 1 ^tStt 

s^ifi^t*^ i mto*ntm*m 

\zmV£*>*. a#Wi-nSGaW8aiSWJi91fcUT. S 
i k-7\ 1)7*81 xlO'Vcm 3 , litmroGaNg^ffl 

nfc u— *flaaKWC'^^*ioo«sec© 
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»12H*iJ:lrtlSl3HttBI*^. -HvenSS 3 0t5«fctf 
8 4 H»Safe«0«J«(i«UrnfflGal«atlfiltM*ffl 

$ &K««aBlhJifc LT, GaAlBNPSHB^GaAlN/BP 

^±©^E^1 to ^ T , GaA 1 N/BPStS^ B * fc t±GaA 1 
BNP«JlJifrS>tt**7-y K*tt, ±SI$?7-y HH#BP 
r/^Hi*U TSP?7* FB#BP/< y 7 rBK 
«N- 4 . BPS CiGaAl N/BPiSte^ B * fc liGaAl BNP'SUB 

£<q/<y v-fim^*^ ztihtomiztenmn 

Efc*<-r*ISiafctt*. Ufc^-pT^tl^»rat-t±S 
(c/ < > F +' + -y 7**it «& $ * -5 <t o tt'fBP * v 

7 rB13i: nMGaAlN/BP^ 7 -y FB14«Pb1^ nMGa x Al 

ft^-yr> *fc P MGaAlN/BP^7>y KB16fc pMBPn > ^ 
? h Blsrat^lHl^l^ P MGa,Al ,-,N/BRH»?fi^ & * * 
JH 2 ©i*JH|/<-y 7 rH102«ri>l5E^-&T^-5. -ttUSWI- 
l B©!BStefllfciai»"e**. 

) ffltlEtoe**^. S<*Wt-. nS^'V KBU^SiK- 
7*. *+'JT«Sl xl0 l7 /cm 3 <7)Gao.4Alo.6N/BPBt^ 
LTSBlO*ffl^-y7rS101«r, Si F-7\ +t'J7 
ffK 1 x 1 0 1 Vcm 3 , £ 0. 1 w m ©Gao. 8 A 1 o. aN/BPSt^F 
mtL, pS?7»; FBH^MgF-7-, *t'J7ilSl 
x 10 17 /cm 3 ©Gao. 4 Alo. 6 N/BPBI^LT^ 2 
7 7 B102£> Mg F— 7*. tt'JTifil xl0 17 /cm 3 ,J¥ 
£ 0. 1 « m^Gao. eAlo. 2 N/BPSt&TB LT««& L 

3IM^tH»©a»?JB**^** I * , M^-»7TJil0U0 

J: tcGaAl BNP?SbbB $r ffl ^ * «^ C *> T * * 

0 , * to^s^fH'* -y 7 7 II t U T t±GaAl N/BPet&^B 
^ O CiGaA 1 BNPSUB % ffl ^ n tf «t ^ . 

50 si6Ht±> ^tomtmmmto^m^u— y-c**. - 
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ftti> f4 0o»«*?l^^ T > NS?7 7 KB 
41©TKnSGaAlBNP-« B s B B^oft<S>SB 1 7 
THlllfcKtt. pl?7'v FJB43±KpSGaAlBNPSIi 

-So 

FB43#Gao. 2 Alo. 3 Bo. 5 No. sPo. 

fjl 1 ©W^^Blll*. Si F— 7", +t'J7 
jifi 1 x 10 1 Vcm 3 , J¥£ 0. 1 u m<OGao. 4 Alo. i Bo. sNo. 5 
Po.sflUB^U !fl2©<WW7 7B112£, 10 
7\ U7«K1 xlO I7 /cm 3 ,I¥£0. 1 ju m©Gao. 4 A1 

o. i Bo. 5N0. 5P0. M&m t-fz, %&<Dim%&M& 

4 @roH)!rfe^Jro^tltS*Wt-|5l L*r& 60 

»17B(±* 'K ^14@^MLT±gP 20 
©*ra/«-y7rS102' bS777 FB16±£®Kt£ 

ifc±IB#H*ff!«>*IBI/<'» 7 ril^i^, m&=P 

km t mn<»>< -J 7 y sfcffctf ©f6t=, earns 

mm 1 *S «t O'GaP/ <-y7TB12fcl$*Lfct>©-e**. G 
aPSSllfc-t^GaP/^y 7T»12©R*£ttfl*.l^ 

2 %Hfl^ fJV7;^-J«T'i7 ^ > 7* 

^©lifiteW^ncf. 7 rgrol^TS^ 

f#£>n&, m^^iO^^J^^^^^^OOum 
©J*F L , «<M*SJKT?'< ***1100 « sec©/ < 

^«Ci^50kA/c[>i 2 r fc fc. S«TfC± U— tf£i6t*BI 
B4nttfr-sfci«, LED^E— KO«|fPl?t±100ieiBI«±* 

SL/sfgfttfffils^nfc. 
»l9H*sJ:tf*20BK±. |5]tiwS^*$r^n^n^ 
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saw*; 

©«&(±, Wl5H©5B*Wo«JS!i«r**fc ^r, nSBP 
HSKRgikJI 17*rJg*-r ^ - * * < > P MBPn > * 7 b B 
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